TITLE OF THE INVENTION 

CONTROLLABLE TWO-PHASE NETWORK WITH AMPLITUDE COMPENSATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based on and hereby claims priority to German Application No. 
10257465.0 filed on December 9, 2002, the contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a controllable two-phase network with amplitude 
compensation. 

2. Description of the Related Art 

[0003] One conventional modulation method for information technology is amplitude 
modulation. Amplitude-modulation signals have two side bands. The two side bands carry the 
same information, that is to say one side band is redundant. One side band is, therefore, 
normally removed from the modulated signal. One possible way to remove a side band is to 
use a filter. However, owing to the stringent damping and gradient requirements for the filter, a 
second method is often used, the phase method. In the phase method, the signal and local 
oscillator signal (LO signal) are split into two signal elements which are phase-shifted through 
90° and applied to separate modulators and/or demodulators. Their output signals are added or 
subtracted and thus produce the upper or lower side band, respectively (see, for example, 
O. Zinke, H. Brunswig, "Hochfrequenztechnik 2" [Radio-frequency technology 2], fifth Edition, 
pages 550 to 554, Springer- Verlag, Berlin, 1999). 

[0004] In order to achieve optimum suppression of one side band while the other side band is 
unchanged, it is necessary inter alia, for the two LO signals to be phase-shifted through exactly 
90°, and to have exactly the same amplitudes. Controllable two-phase networks are used to 
carry out the method, and these use an LO signal as the input signal to produce two output 
signals which are of the same amplitude but have a phase difference of 90°. These are used for 
so-called 0790° LO signal processing by IQ modulators and demodulators. 
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[0005] All-pass networks are preferably used for shifting the phase of the LO signal, since 
they have a frequency-independent amplitude response. Networks which contain few active 
elements, or even no active elements at all (for example operational amplifiers), are used for 
radio-frequency signals. Active elements are frequency-limited and adversely affect the all-pass 
character of a network at high frequencies. For purely passive all-pass networks, only networks 
which are independent of the characteristic impedance are of interest for this application. These 
can be set to an exact phase shift of 90° by variation of one parameter, for example the value of 
a trimming capacitance C or of a trimming resistance R. However, networks such as these 
require abnormal impedances for the source (Z Q = 0) and for the load (Z L -> oo). 

[0006] Passive all-pass networks which are independent of the characteristic impedance are 
known and are used for side band suppression. As a result of the restrictive conditions relating 
to the source impedance and load impedance, attempts have been made until now to 
approximate the abnormal impedances for the source (Z Q = 0) and for the load (Z L oo) as well 
as possible. As the frequencies rise, the source impedance and load impedance abnormalities 
become even more difficult to approximate. The phase difference of 90° can admittedly be 
appropriately readjusted, but there always remains an amplitude error between the two output 
signals, owing to the finite source and load impedances, and this error detracts from the side 
band suppression. Variable non-reactive resistances or capacitances are used to control the 
variable phase difference. A PIN diode is in this case normally used to achieve a variable 
resistance, and a capacitance diode is normally used to achieve a variable capacitance. 

SUMMARY OF THE INVENTION 

[0007] An object of the invention is to specify a two-phase network in which finite load 
impedances and, if appropriate and in addition, a finite source impedance that is not zero are 
provided, satisfying the stringent requirements for phase exactness and amplitude equality. 

[0008] The above object can be achieved by a controllable two-phase network producing 
from an input signal, a first output signal and a second output signal at a first load and at a 
second load with at least approximately identical load impedances. The input signal originates 
from at least approximately identical sources, which contain ideal sources, and may additionally 
contain non-reactive source resistances (internal resistance). The two-phase network contains 
a phase path, which produces the first output signal from the input signal, and contains an 
amplitude path, which produces the second output signal from the input signal. 
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[0009] In the phase path, the first load, which is connected to ground on one side, is 
connected in series with two parallel branches, with a source which is connected to ground on 
one side being connected in series with a trimming resistance in one branch, and with a source 
which is connected to ground on one side being connected in series with a trimming 
capacitance in the other branch. 

[0010] The amplitude path contains a compensation circuit, which is used for matching the 
amplitude of the second output signal to the amplitude of the first output signal. The amplitude 
path contains the second load, which is connected between ground and the output of the 
compensation circuit, and one or two sources which are each connected to ground on one side. 
The compensation circuit has one or two inputs, to which the one or two sources is or are 
respectively connected. 

[001 1] By taking account of the finite load impedances and any source impedances that are 
not zero in the circuit diagram for the phase path, these values are included in the network 
analysis of the two-phase network. The network analysis shows that the all-pass character of 
the phase path is maintained, as is the phase shift, which can be varied by the trimming 
resistance and/or capacitance, between the input signal and the first output signal, as_well. 
However, the magnitude transformation ratio between the input signal and the first output signal 
is no longer necessarily equal to 1 , but is less than or equal to 1 . 

[0012] This magnitude transformation ratio is taken into account by the compensation circuit 
in the amplitude path. For a fixed selected configuration (network structure and values of the 
components) of a phase path, this compensation circuit is designed such that the two-phase 
network has the following characteristics: 

- The output signals from both paths have at least approximately the same amplitude. 
The amplitude attenuation in the phase path is thus compensated for by matching the 
compensation circuit in the amplitude path; and 

- The output signals have a constant but variable phase shift with respect to one another. 

[0013] The network structure is required in the compensation circuit in order to achieve these 
two characteristics, and the corresponding network elements are obtained for given impedances 
of the source and of the loads in the phase path, by known analytical or numerical network 
analysis and synthesis methods. 
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[0014] One of the aspects of the present invention provides for both the source impedance 
and the load impedance to be purely non-reactive resistances. The compensation circuit, which 
is produced in this way has only one input. A trimming resistance is connected between its 
input and output. The network analysis of this two-phase network shows that the magnitude 
ratio p of the input signal to the two output signals in the two paths is (3<1 . The transfer function 
at the output of the phase path is, in particular, that of an all-pass filter, multiplied by the factor p. 
The required stringent conditions for the phase and amplitude characteristics of the two-phase 
network are satisfied, despite the finite source and load impedances. 

[0015] In another aspect of the present invention, mathematical relationships exist between 
the trimming resistance, the source resistance and the load resistance, that depending on the 
magnitude ratio p and the value of the source resistance R Q , the trimming resistance has at 

least approximately the value R = R Q j-^- and the load resistance has at least approximately 

2/3 

the value R T =R n — r . 

° (1-/3; 2 

[0016] Owing to the mathematical relationships between the trimming resistance, the source 
resistance and the load resistance, it is better to change only the trimming capacitance and not 
the trimming resistance in order to set the phase shift to the desired value of generally exactly 
90°. In order to achieve a satisfactory result with regard to the exactness of the amplitude 
equality and the phase difference, it is advantageous for the trimming resistances in the phase 
branch and in the amplitude branch to be synchronized as accurately as possible. No provision 
is made for a reactive component in the load capacitance. 

[0017] In another aspect of the present invention, the load impedance is a parallel circuit 
formed by a non-reactive resistance and a capacitance. The source is ideal, that is to say the 
source impedance is equal to zero or does not exist. The compensation circuit that results from 
this has only one input. A parallel circuit formed from the trimming resistance and the trimming 
capacitance is connected between this input and its output. 

[0018] In the configuration described above, the trimming resistance and capacitance can be 
varied without any problems in order to set the desired phase shift. Network analysis shows 
that both paths once again have exactly the same output amplitudes. The amplitude response 



4 



of the two output amplitudes is not constant, that is to say the phase path is not exactly an 
all-pass filter. 

[0019] The frequency response of the amplitude attenuation can be kept very low by 
choosing components with suitable values in the two-phase network. For example, one aspect 
of the present invention provides for the value R of the trimming resistance to be very much less 
(that is to say, for example, by a factor of at least 100) than the value R L of the load resistance, 
and for the value of the trimming capacitance C to be very much greater (that is to say, for 
example, by a factor of at least 100) than the value of the load capacitance C L . If this measure 
is not sufficient to produce satisfactory amplitude response results, a so-called equalizing filter 
can be connected upstream of the two-phase network in order to compensate for the amplitude 
response of the two-phase network by an inverse amplitude response. In this aspect of the 
present invention, exact synchronization of all the trimming elements in the phase path and 
amplitude path is advantageous. 

[0020] Another aspect of the present invention provides for the value R of the trimming 
resistance to be a times the value R L of the load resistance, and for the value of the trimming 
capacitance C to be 1/a times the value of the load capacitance C L . This once again means 
that the amplitude response of the transfer function between the input and output signals is 
independent of frequency. There is then no need for an equalizing filter. 

[0021] In another aspect of the present invention, a non-reactive source impedance which is 
not infinitely small is provided in addition to the complex-value load impedance, that is to say a 
parallel circuit formed by a non-reactive resistance and a capacitance. Network analysis of the 
phase path formed in this way leads to a compensation circuit with two inputs and one output. 
The trimming resistance is connected between one input and the output. There is a node, that 
is to say an electrical junction point, between the input and the trimming resistance. The 
trimming capacitance is connected between the second input and the output. There is likewise 
a node between the second input and the trimming capacitance. Each node is connected to 
ground via a series circuit formed by a resistance with half the value of the trimming resistance 
and a capacitance with twice the value of the trimming capacitance. Since the compensation 
circuit has two inputs, one source, which is connected to ground on one side, is connected to 
each of these two inputs. Good synchronization of all the control elements in both paths is 
necessary. The two trimming elements R and C can be varied without any problems. The 
amplitude equality of the two output signals is no longer satisfied exactly in the strict 
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mathematical sense, but can be approximated fairly well, by choosing suitable values for all of 
the components. The amplitude discrepancy between the first output signal and the second 
output signal may, for example, be kept below one millidecibel for a given frequency range. 

[0022] The components with the values of half the trimming resistance and twice the 
trimming capacitance are advantageously in the form of a parallel circuit formed by two equal 
trimming resistances and capacitances, since this is the best way to achieve the accuracy (twice 
the value or half the value) and the synchronization of the corresponding resistance and 
capacitance values. 

[0023] In another aspect of the present invention, the trimming resistance is variable. This 
makes it possible to adjust the phase shift that is achieved in the phase path, and it can thus be 
readjusted if necessary. In this case, it is particularly advantageous for the trimming resistance 
to be in the form of a PIN diode, which has the advantage over a trimming potentiometer, for 
example, that it can be controlled electrically and not mechanically. 

[0024] The trimming capacitance is variable in another aspect of the present invention. This 
results in the same advantages as those for a variable trimming resistance. It is particularly 
advantageous for the trimming capacitance to be formed by a capacitance diode, whose 
capacitance can be controlled electrically rather than mechanically, in a corresponding manner 
to the PIN diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] These and other objects and advantages of the present invention will become more 
apparent and more readily appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying drawings of which: 

Figure 1 is a circuit diagram of a controllable two-phase network; 

Figure 2 is a circuit diagram of a controllable two-phase network with non-reactive 
source and load impedances; 

Figure 3 is a circuit diagram of a controllable two-phase network with a source 
impedance which tends to zero, and with a complex load impedance; 

Figure 4 is a circuit diagram of a controllable two-phase network with a non-reactive 
source impedance and a complex load impedance; 

Figures 5(a) and 5(b) are circuit diagrams of implementation options for a resistance (a) 
and a capacitance (b) from Figure 4; and 
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Figure 6 is a circuit diagram of an implementation option for the sources which are used 
in the two-phase network. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0026] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

[0027] The two-phase network 2, which is shown in Figure 1 contains a phase path 4 and an 
amplitude path 6. The two-phase network 2 is used in particular to produce two output signals, 
which are phase-shifted through 90° and have the same amplitude, as are required, by way of 
example, in an IQ modulator or demodulator. 

[0028] As shown in Figure 1 , phase path 4 contains two sources 8 and 10, which each feed 
an input signal 9 into the phase path 4. With respect to the ground point 12, the source 10 is 
connected with a phase offset of 180° with respect to the source 8 (as can be seen from the 
orientation, which is in the opposite direction with respect to ground, of the source arrow in the 
sources 8 and 10). The amplitudes of the two sources 8 and 10 are exactly the same. This 
means that the signal, which is the inverse of that on the line 16 is produced on the line 14 in 
the phase path 4. The input signals of the sources 8 and 10 are passed to the load 22, with the 
load impedance Z L , via the trimming resistance 18 (which, by way of example, is in the form of a 
PIN diode and has the resistance value R) and the trimming capacitance 20 (which, for 
example, is in the form of a capacitance diode and has the capacitance value C), and produce 
an output voltage U P across this load impedance Z L , as the first output signal 24. 

[0029] An input signal 9 is fed into the amplitude path 6 on the line 16a from the source 8a, 
which is identical to the source 8. Depending on the internal configuration, that is to say the 
impedance, of the sources 8 and 10 and of the load 22 in the phase path 4, a further source 8b, 
which is likewise identical to the source 8, may be required in the amplitude path 6, and feeds a 
further input signal 9 on a line 16b into the amplitude path 6. The one (8a) or two (8a,b) sources 
is or are connected to one (27a) or both (27a, b) of the inputs of a compensation circuit 26. The 
structure and the components in the compensation circuit 26 are dependent on the impedances 
of the sources 8 and 10, and of the load 22. After passing through the compensation circuit 26, 
the input signal 9 produces an output voltage Ua, as the second output signal 28, across the 
load 22a, which is connected to the output 29 and is identical to the load 22 in the phase path 4. 
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[0030] In Figure 2, the sources 8, 8a and 10 each contain an ideal voltage source 30 with a 
source voltage U Q and a non-reactive source resistance 32 with the value R Q in series with the 
voltage source 30. The load 22 or 22a, respectively, contains a non-reactive load resistance 34 
with the value R L . The compensation circuit 26 contains the trimming resistance 1 8, with the 
value R, between its input 27a and its output 29. The optional source 8b from Figure 1 is not 
required in this embodiment. 

[0031] Network analysis of the illustrated two-phase network leads to the result that the ratio 
of the magnitudes of the two output voltages U P and U A to the magnitude of the source voltage 
U Q results in the factor: 



(1) P = 



<1 



[0032] The phase path 4 in this case has an all-pass characteristic, provided that 



R = Rn 



(2) 



1 + P 
1-P 



and 



R L - R Q 



2(3 



(3) 



{1-pf 



[0033] The transfer function in the phase path 4 is then: 



9 Uq 1 + sJ?C 



[0034] Thus, according to (1 ), the magnitude of H P (s) is constant for all values of s, or in 
other words, the magnitude of H P (s) is constant for all frequencies. For the limit situation (3^1 , 
this results in the known combination R Q =0 and R L ->oo for a finite trimming resistance 18 with 
the value R. In the amplitude path 6, the factor (3 is simulated by a purely non-reactive voltage 
divider between the ideal source 30 and the load resistance 34. The amplitudes of the two 
output signals 24 and 28 are mathematically exactly the same, and the phase shift between the 
two can be set to exactly 90° by the choice of the trimming capacitance 20. It is generally 
impossible to vary the trimming resistance 18 since, on the basis of (2) and (3), the values of the 
source and load impedances 32 and 34 must then be readjusted. In this embodiment, the 
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source and toad impedances are restricted to purely non-reactive values R Q and R L . No 
provision is made, for example, for the load 22 or 22a to have a complex-value impedance Z L 
and, in general, this would lead to contravention of the amplitudes and phase conditions 
between the output signals 24 and 28. 

[0035] Examples of values for the circuit illustrated in Figure 2 are, for example, an amplitude 
attenuation according to (1 ) on (3=0.5. If the source 8 has an internal resistance of R Q =50 Q, 
then the value of the trimming resistance 18 is R=150 Q, and that the value for the load 
resistance 34 is R L =200 Q from (2) and (3). 

[0036] Figure 3 shows a phase network with sources 8, 10, 8a with the source resistance 
tending to zero, that is to say only ideal sources 30. The load impedances Z L of the loads 22 
and 22a in this case have a reactive component, that is to say they thus comprise a parallel 
circuit formed by the load resistance 34 with the value R L and the capacitance 36 with the value 
C L . The compensation circuit 26 contains the trimming resistance 18 and the trimming 
capacitance 20, connected in parallel, between its input 27a and its output 29. The impedance 
of the compensation circuit 26, which is in the form of a parallel circuit formed by the trimming 
capacitance 20 and the trimming resistance 18, can be expressed by Z. Network analysis leads 
to a magnitude ratio of the output signals 24 and 28 with respect to the input signal 9 of, 

1 + sRC 

1 + SRC + — (l + sR L C L ) 

R L 

[0037] In this embodiment, the values R and C of the trimming resistance and trimming 
capacitance can in general be chosen such that R«R L and C»C L . The amplitude of the 
output voltage U P from the phase path 4 thus remains sufficiently independent of frequency that 
the all-pass characteristics of the phase path 4 are still satisfied well. The analysis of the two- 
phase network according to (5) shows that both paths have exactly the same output amplitudes. 
With the boundary conditions R«R L and C»C L mentioned above, the magnitude ratio in (5) is 
equal, to a good approximation, to the constant 1 . In this refinement of the invention, both R 
and C are variable. One of the advantages of this embodiment is correspondingly good 
synchronization between all the control elements, that is to say the trimming resistances 18 and 
trimming capacitances 20, in both paths 4 and 6. There is no abnormal load impedance 32 with 
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Z L -»oo, but only the abnormal source impedance Rq=0. The minor discrepancy in the frequency 
response of the magnitude ratio of the two output signals according to equation (5) from a 
constant value is generally tolerable. If not, in order to compensate for this frequency response, 
it is possible to connect a so-called equalizing filter upstream of the two-phase network 2, which 
amplifies the input signal 9 that is fed in for all the sources 30 in the two-phase network 2 in 
advance, by the inverse value corresponding to the magnitude attenuation according to (5). 

[0038] As an alternative or in addition to the conditions R«R L and C»C L , components may 
also satisfy the conditions R L =aR and C L =C/ot. The exact all-pass condition is then satisfied 
once again, and this results in an amplitude attenuation, which is constant for all frequencies, of: 

a 
1 + a 

[0039] In this situation, no equalizing filter is required to compensate for a frequency 
response of the magnitude transfer function. 

[0040] As in Figure 2, the sources 8 and 10 in Figure 4 contain a finite non-reactive source 
impedance 32 with the value R Q . As in Figure 3, the load impedance 22 contains a parallel 
circuit formed by the load resistance 34 and the load capacitance 36. The amplitude path 6 is 
fed from two sources 8a and 8b, each having an ideal voltage source 30 and a non-reactive 
source impedance 32, identical to the source 8. The two sources 8a and 8b are, as shown in 
Figure 1 , connected to the compensation circuit 26 via the lines 16a and 16b. The 
compensation circuit 26 is configured as follows: the line 16a leads to the input 27a, from there 
to a node 37a and via a trimming resistance 18 to the output 29. The line 16b leads via the 
input 27b, via the node 37b and the trimming capacitance 20, likewise to the output 29. There 
are series circuits connected to ground from both nodes 37a,b. These contain a resistance 38 
with half the resistance value R/2 of the trimming resistance 18, and a capacitance 40 with twice 
the value 2C of the trimming capacitance 20. Since the trimming resistance 18 and trimming 
capacitance 20 are generally variable, it is advantageous for the resistance 38 and the 
capacitance 40 also to be varied to the same extent corresponding to the values R and C; 
Figure 5 shows an embodiment which is particularly advantageous for this purpose. 

[0041] In Figure 4, the amplitudes of the output signals 24 and 28 are no longer exactly the 
same in the mathematical sense. If suitable values are chosen for all the components, however, 
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the amplitude ratio |l/ p /C7 A | of the two variables can, however, be kept, for example, less than 1 

mdB over a wide frequency range. This is achieved, for example, for the values R Q =5 Q, R=82 
Q, R L =5 kQ and CL=2 pF. The choice of the value C for the trimming capacitance 20 then 
governs the frequency at which the output signals 24 and 28 are phase-shifted through exactly 
90°. 

[0042] Exact synchronization of all the control elements is particularly advantageous, 
especially in the embodiment that is shown in Figure 4. However, this relates not only to the 
various instances of the trimming capacitance 20 and the trimming resistance 18, but also to the 
values R/2 and 2C of the resistance 38 and of the capacitance 40. These are therefore actually 
expediently configured as shown in Figure 5, such that the resistance 38 is in the form of a 
parallel circuit formed by two trimming resistances 18, and the capacitance 40 is in the form of a 
parallel circuit formed by two trimming capacitances 20. 

[0043] All of the elements, for example all of the trimming resistances 18, in each two-phase 
network 2, as shown in Figure 1 , are preferably in each case identical. In other words, the 
trimming resistances are of the same type and are from the same manufacturing batch from one 
component manufacturer. This ensures that the control elements are synchronized as well as 
possible to one another, that is to say that they have virtually identical resistance and 
capacitance values at all times. This leads to the amplitudes of the output signals 24 and 28 
being matched as well as possible, and to the phase offset between these two signals being as 
constant as possible. 

[0044] The sources 30, possibly in conjunction with their source resistances 32, are 
advantageously configured as shown in Figure 6. This leads to all of the sources that are used 
in the two-phase network and the electrical signals, which are emitted from them being at least 
approximately identical. An actual and single signal source 42 feeds an original source signal to 
an amplifier or phase inverter 44, whose outputs produce the amplified signal 46 and the 
amplified and inverted signal 48. Emitter followers 50 each contain a commercially available 
transistor, whose collector is connected to a supply voltage +V C c, and whose emitter is 
connected via an emitter resistance 58 to a supply voltage -V ee . The two amplified signals 46 
and 48 are passed via the emitter followers 50 and optional output resistances 52. The signals 
are for this purpose fed into the base of the transistors in the emitter follower 50, and are tapped 
off at their emitters. This thus results at the outputs 54 in a signal, which, for example, 
corresponds to the signal from the sources 8, 8a, 8b and, at the outputs 56, in a signal which, 
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for example, corresponds to the signal from the source 10. Since the bases of the emitter 
followers are connected and they are configured identically, it is thus possible to produce two or 
more identical sources 8, 8a, 8b and 10 as required, for example, in Figure 4. A configuration of 
the sources such as this ensures that all of the ideal sources 30 that are used in the two-phase 
network 2 always produce the identical signal 9, just with its mathematical sign inverted, and 
have identical source resistances R Q . 

[0045] The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention. 
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